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EVALUATION OF NUTS FOR USE 
WITH HIGH STRENGTH BOTITS 
I. INTRODUCTION 
1. Object and Scope of the Investigation 
During the annual meeting of the ResearCh Council on Riveted and 
Bolted Structural Joints in February 1956, the question was raised as to 
the practicability of utilizing regular series nuts with the ASTM-A-325 
high strength bolt rather than heavy nuts as currently specified. It was 
thought that the use of regular nuts would be desirable from several view-
points: 
(a) One size of wrench could be used for fitting up, holding, 
and torquing. 
(b) Bulkiness of nut would be reduced and materials saved at 
those locations where fire covering was required. 
( c ) The reduced weight would mean savings in initial costs 
(if special steel or heat treatment were not required) and also in ship-
ping costs. 
As a result of this Council discussion, a preliminary series of 
pilot tests were proposed to evaluate some of the factors involved in a 
comparison of standard nuts versus heavy nuts with the A-325 bolt. 
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assisted in the preparation of the figures for this report. 
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II. DESCRIPTION OF MATERIALS, EQUIPMENT AND TESTS 
3. Properties of Bolts, Washers, and Nuts 
All of the bolts and all of the washers used in the investigation 
were obtained from single lots. The 3/4 in. diameter, 4 in. bolts were 
provided by Manufacturer 1 of Table 1, and met the requirements of ASTM 
Designation A-325. These bolts were supposed to have been drawn at a 
rather high temperature in an attempt to provide bolts with hardnesses near 
the minimum specified. The resulting hardness (as measured on the shank 
of the bolts) varied from 21 to 31 Rockwell C with an average of ,26, based 
on 4 readings on eaCh of 31 bolts. From tests on the cross section of one 
bolt, it is believed that the reported shank hardness may be about one 
Rockwell marking low. This, then, suggests an average bolt hardness of 27 
Rockwell C had the readings all been taken on the cross section as recom-
mended. The ASTM Specification A-325 requires that the hardness of the 
bolts be between 23 and 32 Rockwell C. Accordingly, it appears tha.t the 
bolts for these tests were near the middle of the range of hardness rather 
than the minimum. This is further confirmed by the tensile tests wherein 
twenty-eight bolts were tested to failure with ultimate stresses of 124,000 
psi to 129,000 psi and an average strength of 126,900 psi. 
The bolt-washer-nut assemblies for the entire study were tested 
in a hydraulic pressure, load-indicating device which permitted the measure-
ment of the axial load in the bolt. Torque was applied to the bolt assem-
blies either with a manual torque wrench or a pneumatic impact wrench. All 
of this equipment is typical of that used in the field for the assembly of 
structures with A-325 bolts. 
5. Description of Tests 
Four groups of tests were performed on each nut type. These 
were as follows ~ 
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Group l - The nut-washer-bolt assemblies were hand torqued to 
failure from a finger tight position. 
Group 2 - The bolt assemblies were tightened by pneumatic wrench 
from the finger tight position, using an air pressUL~ which provided 
approximately one turn in 10 seconds; the assemblies were run to 
failure. 
Groun 3 - The bolt assemblies were tightened from the finger 
tight position by pneumatic wrench, using an air pressure which pro-
vided approximately one turn in 25 seconds; the assemblies were torqued 
to failure. 
Group 4 - The assemblies were hand torqued to one-half turn from 
a finger tight position, were backed off, and then were finger tight-
ened again. From the new finger tight position, the assembly was im-
pacted to one turn in approximately 15 seconds and the load was left 
on the assembly for two days. During this two day period, intermittent 
readings were taken of the bolt load. 
All tests in the bolt calibrator were made with approximately six 
threads of the bolt exposed. In these tests the dilation of each nut was 
measured by noting the change in distance between points on opposite flats 
of the nut. The number of turns for every nut was recorded; the use of the 
bolt calibrator permitted the determination of the corresponding tension in 
the bolts. Brooming of the nut was noted visually during the test, and an 
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indication of the final amount of brooming was determined by measuring the 
total change in height of the nut at the completion of each test. The 
galling of the washer and nut contact surface was noted visually upon com-
pletion of each test) as was the damage of the nut due to impacting. 
The air pressures which were used for the impact wrench and which 
provided one turn in the desired time were determined by preliminary tests. 
These air pressures were then maintained (by pressure regulator) for all 
tests of the nuts in a given test group_ For example, with the impact 
wrench used in these tests, 80 psi pressure provided one turn in about 10 
seconds, while a pressure of only 56 psi was required to produce one turn 
of the nut in 25 seconds. 
III. PRESENTATION AND DISCUSSION OF TEST RESULTS 
6. Presentation of Test Results 
The test results for the Group 1 tests are shown in Table 2 
along with average values for the regular series and heavy series nuts. 
Because of the varied metallurgy and manufacturing methods for the various 
types of nuts, and because of the difference in number of specimens of 
each series~ these averages should not be compared without reservation. 
The Group 1 bolt-nut assemblies after failure are shown in Fig. 1. Close-
up photographs of the Group 1 nuts are shown in Figs. 2 and 3. In like 
manner, Table 3 presents data for the Group 2 tests and the specimens are 
pictured in Figs. 4, 5, and 6; Table 4 and Figs. 7, 8, and 9 cover the 
Group 3 tests; and Table 5 and Figs. 10, il, and 12 show the resul ts of 
the Group 4 tests. 
Tables 6 through 13 present summaries and analyses of the be-
havior for each type of nut for all tests. These summaries cover bolt 
tension at one turn, maximum bolt tension, changes in distances across 
the flats of the nuts at one turn and at failure, change in nut height, 
number of turns to failure.~ evidence of extrusion, and manner of failure. 
It is believed that such summaries ,are more suitable for studying the 
relative behavior of the various nut types and nut series than are the 
average values for all nuts of a given series. 
7. Discussion of Test Results 
In a study of the results, the preliminary nature of these tests 
should be remembered. From these data perhaps a more exhaustive set of 
tests can be planned to give more conclusive results. 
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(a) Bolt Tensions: Table 6 shows the bolt tensions developed 
after one turn for each type of nut and for each test groupo The minimum 
required bolt tension of 25,600 Ib (or 0.90 Elastic Proof Load) was ob-
tained in all cases with the exception of Nut Type C in Group 3. In com-
paring Tables 6 and 7, it will be noted that the bolt tension at one turn 
of the nut was frequently the maximum bolt tension obtained. Thus, one 
turn of the nut often provides the maximum tensile strength of the bolts 
or a tension close to the ultimate strength. 
In the Group 4 tests, intermittent readings of bolt tension were 
taken during a two day period for each bolt-nut assembly. However, the 
intermittent tensions have not been tabulated because only minor variations 
in bolt tension occurred during that time. These variations were of the 
magnitude of ~ 300 pounds from morning to night, but it was found that the 
bolt tension readings were always consistently the same if the readings 
were repeated the same time of day. Tnerefore, it is believed that these 
small bolt tension changes were caused by temperature changes in the 
laboratory affecting the hydraulic fluid in the bolt calibrator. 
There appears to be no consistent correlation between the bolt 
tension attained and the method of tightening the assemblies; in some 
cases one method of tightening would provide a higher bolt tension for 
a given type of nut while for other types, a different method was more 
effective 0 However, in Table 6 it can be seen that the maximum difference 
in bolt tension from the several methods of tightening existed in nut type 
K and was a maximum of 7.5 kips. It is of interest to note also that the 
variations in bolt tensions at one turn for the eleven assemblies with 
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regular nuts averaged 3.3 ki~s or about 10% of the average tensile load, 
while the five heavy nuts showed variations in bolt tensions averaging 
5.2 kips for the four different methods of tightening, or more than a 
15% variation in the average tensile load obtained. A similar comparison 
for the maximum bolt tensions (Table 7) indicates that the regular series 
nuts averaged 2.7 kips variation in maximum tension while the heavy series 
nuts had an average variation of 4.6 kips. Thus) the regular series nuts 
of these tests gave more consistent bolt tensions than did the heavy 
series nuts used. 
An examination of Tables 2 through 5 shows, at first glance, 
that the regular series nuts produced higher average bolt tensions in all 
but the Group 2 tests than did the heavy series nuts. However, such an 
observation may not be significant. If the nut type C, which did not 
give even minimum bolt tensions in all cases, is omitted from every average 
for the heavy series nuts, we find that the hea~J series nuts now produce 
average bolt tensions approximately equal to or in excess of those ob-
tained by the regular series nuts. This point is confirmed ~urther by the 
com~arisons available in Tables 6 and 7. Here we see that heavy series 
nuts of any given metallurgy and manufacture always ~rovided a tensile 
load in the bolts greater than that provided by identically prepared regular 
series nuts. HoweverJ it should be remembered that all regular series nuts 
did develop bolt tensions in excess of those required by specifications. 
Tables 6 and 7 also ap~ear to indicate that the bolt tensions were 
affected somewhat by the heat treating and manuracture but the effect seems 
to be small. They also suggest that regular series nuts machined from 
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cold-drawn hex bar stock produce ade~uate tensions; that regular series 
nuts of ABA B18-2 specification and similar to the heavy series nuts now 
specified for ASTM A-325 high strength bolts, do give high bolt tensions; 
and that nuts of C-l109 and manufactured by hot nut former (at least the 
lot used for these tests) give low or unacceptable bolt tensions even 
though they are heavy series nuts. 
(b) Dimension Changes: Changes in the distance across the flats 
of the nuts were negligible up to one half turn for all nuts, regardless 
of the method of tightening. This is indicated in column 5 of Table 5. 
Above one half turn, the distance across the flats of the nuts increased 
rapidly. This is evident in Tables 8 and 9 for each nut type. No con-
sistent pattern is evident in these measurements for the various methods 
of tightening; in a number of cases the longer impacting times of the 
Group 3 tests produced less swelling that did the Group 2 tests and suggests 
that impact time does not appreciably affect the nut dilation. 
It is evident from these measurements that: the heavy series 
nuts undergo less than half of the dilation of similar regular series nuts; 
heat treating and similar special treatments appear to reduce the swelling 
of the nuts; nut type M, a regular series nut of ABA B18-2 specification 
(comparable to the heavy series nuts now specified for the A-325 hi~n 
strength bolts), had relatively small dilations; the types C and E nuts 
(heavy series) had comparatively high deformations, ranging from about two 
to ten times greater than those for any other nut type tested, indicating 
the "softness" of the nuts which were manufactured by the hot nut former 
method. 
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Table 10 summarizes the change in height of the nuts at failure 
for the Groups 1, 2, and 3 tests and at one turn for the Group 4 tests. 
Here again the results are found to be erratic; the height changes at 
failure after some Groups 1, 2, or 3 tests were less than those after one 
turn as measured in some of the Group 4 tests. Heat treating the nuts 
seemed to reduce these deformations. 
llBrooming" of the nuts appeared to start at about 3/4 to one 
turn of the nut. At about the time that "broomingtf and dilation of the 
nuts began, the torque wrench or the impact wrench started to make minor 
indentations in the nut adjacent to the washer surface where most of the 
deformation occurred. 
( c ) Number of Turns of Nuts to Failure: The number of turns 
of the nut to failure of the various assemblies varied considerably. The 
number of turns for the heavy series nut assemblies were as high as 2-3/4 
turns for E-l and as low as 1-3/4 turns for C-3 and E-3. For the regular 
series nuts: the turns varied from that of M-l with 2-3/4 turns to G-l 
with 1-3/8 tlLrnSo However, very little difference existed between the 
average number of turns to failure for heavy and regular nuts when taken 
as a group for all of the series of tests. The overall average number of 
turns for all heavy nut types to failure was approximately 2.2 turns while 
that for all regular nuts was 2.1 turns. The average values shown in 
Tables 2, 3, and 4 also indicate that the heavy series nuts required only 
a slightly greater number of turns of the nut for failure. Comparing nuts 
of like metallurgy and method of manufacture we see once again that the 
heavy nuts required just slightly more turns of the nut than did similar 
regular series nuts. 
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(d) Torque Requirements: The torque necessary for one turn of 
the nut varied from 400 to 500 ft-lb except for nut type C which required 
only 300 ft-lb. In general, the regular series nuts used in these tests 
required slightly higher torques than did the heavy series nuts employed. 
The maximum torque required for failure was also greater for the regular 
series nuts than that required for the heavy nuts. As may be noted in 
Table 5, the torque required for 1/2 turn of the nuts was found to be 
about 55 to 60 per cent of that necessary to produce one turn. 
These limited tests again demonstrate (Tables 2 and 5) that the 
application of at least the minimum recommended torque for a 3/4 in. 
diameter bolt will be necessary before a nut can be given one turn from 
the finger tight position. The only exception to this statement was nut 
type C which did not always achieve satisfactory bolt tensions. 
(e) Impact Times: A review of Tables 3 through 5 suggests that 
for like materials and manufacture, the heavy series nuts required slightly 
longer impacting times to obtain the same number of turns than did similar 
regular nuts. Nut type C reached one turn in a relatively short time, how-
ever. 
Tables 3 and 4 show that the time required to run the assemblies 
to failure was erratic. In some cases it appeared as though the impact 
of the wrench socket was largely absorbed by the nut and bolt assemblies 
with little or no pounding and that failure was reached in a comparatively 
short time. In other cases, however, the socket would rebound and longer 
impacting times were required. 
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(f) Impact and TorClue Damage: U:p to one turn of the nut, very 
Ii ttle damage was evident on 'the nuts with the exce]?tion of the C type. 
The photographs of the Group 4 specimens, Figs. lO-l2, illustrate this 
point very clearly since this test group was not carried beyond one turn. 
In the tests of the other groups, the corners of the nuts became burred 
at about 1-1/4 turns and from then on the burrring progressed steadily. 
As was expected, heat treated nuts withstood impacting more readily than 
the others and were deformed less. It is also to be noted that the cold 
punched nuts withstood impacting better than the hot formed nuts from the 
same grade of steel. The impacting caused more damage to the nuts in the 
Group 3 tests than it did in the tests of the other groups but again, it 
is emphasized that even in this set of tests, up to one turn, the damage 
was negligible. 
(g) Extrusion of the Nut and GaJ.ling: As may be noted in 
Tables 2, 3, 4.9 and 5, in some cases extrusion of the nut was found to 
have taken place between the washer and the bolt. ~is condition, how-
ever, did not appear to be serious because it did not seem to affect the 
performance of ~'le nuts. It should be noted that the extrusion of the 
nut did not occur for the two nut types I and K, but d~fficul ty was ex-
perienced in removing the nuts. These nuts, both heavy nuts of identical 
materials and differing only in that one was heat treated, became locked 
on the bolts after the Group 4 tests. The reason for this freezing of 
the nuts is not known. 
Table 12 contains an indication of the extrusion by nut type. 
As antiCipated, the nuts made of the harder steels withstood the test 
conditions with only slight indications of extrusion. 
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Galling of the nuts evidently commenced after one turn had been 
reaChed. For, after the nuts were removed in the Group 4 tests, examination 
disclosed no serious galling (see Figs. 10 - 12). None of the washers 
exhibited damage any greater than the loss of some of the mill scale. 
(h) Types of Failure: Tension failures predominated in all of the 
test groups and occurred as follows: 
NUMBER OF TENSION FAILURES 
Test Regular Nuts Hea~ Nuts 
Group 1 II out of ll, or 100% 3 out of 5, or 60% 
Group 2 8 out of il, or 73% 3 out of 5, or 6010 
Group 3 6* out of 9, or 67%* 3 out of 5, or 60% 
*Nut type A and P (both regular nuts) in the Group 3 tests could 
not be carried to failure; their behavior is reported in the notes to Table 4. 
These nuts ran off very easily for a few threads and then suddenly froze on 
the bolts~ Possibly, the long time of impacting had damaged the nut threads 
sufficiently to cause partial stripping and finally jamming or freezing. 
In those cases where thread stripping rather than sudden tensile 
failure occurred, the ·Dolt tension dropped off gradually as the nut was ro-
tated and the threads stripped. In some of the photographs shown in this 
report, what appear to be tension failures were actually strip]?ing failures; 
for J after the threads stripped, it was impossible to remove the assembly 
from the calibrator because the nut was locked on the bolt. In those cases 
where the nut froze, it was necessary either to twist the bolt in two or to 
completely strip the bolt and/or the nut threads. Failures other than those 
occurring in tension are noted on the figures. 
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Table 13 indicates the manner of failure for each test. From 
this table it appears that the harder nuts were less susceptible to strip-
ping, and that certain nut types performed without strip:ping in all three 
tests, namely types I, 0, J, K, M, N, F, L, and B. 
8. Analysis of Behavior of Nut Types 
In the evaluation of the suitability of the various nuts for 
use with ASTM A-325 bolts the following points we~ considered most im-
portant: bol t tensions at one turn and failure for any and all methods 
of tightening should equal or exceed the minimum required by ASTM A-325 
specification; and nut threads should not strip. The reason for the 
first requirement is obvious. The reason that the no stripping require-
ment has been considered important is that stripped nuts are not always 
readily discovered. Rather than a sudden break and an immediate release 
of bolt tenSion, stripped nut-bolt assemblies lose tension slowly and may 
not be discovered. Even if an assembly initially reaChes full bolt ten-
sion just as the threads begin to strip, it is possible that later the 
tensile force in the bolt will decrease to the point where the load will 
have to be transferred by shear and bearing rather than friction.. Such 
a condition is probably more serious than the case of a loose rivet, for 
unless the nut freezes on the bolt, it may be possible for the loose nut 
to work off under repeated loads and vibration. It is felt that the nuts 
which are most desirable for high-strength bolts will develop full tension, 
will cause tensile failure in the bolt rather than stripping the threads, 
and will withstand more than one and a half turns before rupture. This 
last consideration may be important where tightening is performed by the 
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TTturn-of-the-nut" method and the wrench operator uses the wrench socket 
shear pin as a guide for one turn 0 It is possible that in such a case 
the o~erator may unintentionally give one and one half turns yet think 
that only one turn was applied. Of course, if bolts fail in tension at 
less than one and a half turns this would not be too serious but would 
mean occasional bolt replacement with subsequent loss of time and materials. 
In this evaluation, no consideration has been given to the re-
lative costs of the various nuts. As the entire program was exploratory, 
these results should be considered as indicative rather than conclusiveg 
Tables 6 through 13 will be of most use in verifying the observations sum-
marized below. 
(a) ASTM A~194? Grade 2, hot forged from 0.40% minimum carbon~ hot rolled 
bar stockJ with a maximum phosphorous content of 0005%, a maximum sulphur 
of 0005% .. 
Nut Type P ~ Manufacturer 4, regular series. Bol t tensions at 
one turn were 6% to 20% above the Elastic PrOOf Load (EPL) with an average 
of 12% while maximum bolt tensions averaged 117% of EPLo Deformations did 
not appear to be excessiveo Number of turns to failure were lower than 
the average for all other specimens, and in one case the nut locked on the 
bolt (see Note 2 Table 4). Extrusion was evident only after long impacting 
times had been used. Tension failures occurred except for the case where 
the nut locked on the bolto 
Nut Type H~ Manufacturer 3, regular series. Bolt tensions at 
one turn were 116% to 130% of EPL with an average of 123%. Maximum bolt 
tensions averaged 121% of EPLo Deformations were about twice those for 
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the similar Nut Type P but still were not detrimental. The number of 
turns to failure were slightly above average. Extrusion was not evident. 
Two tensile failures occurred and one nut stripped. 
Nut Type I: Manufacturer 3, heavy series. Bolt tensions at 
one turn were 113% to 136% of EPL with an average of 127%. The maximum 
bolt tensions averaged 126% of EPL. Deformations across the flats were 
about one-half as great as those recorded for regular series Nut Type P 
and one-fourth as great as those found on regular series Nut Type H which 
was produced by the same manufacturer. The average height change of Type I 
was about equal to that for Type P but one-half that for Type H. Number 
of turns to failure were above average and similar to those for Type H. 
No signs of extrusion were apparent and aJ.I specimens failed in the bolt. 
Summary: Regular and heavy series nuts of ASTM A-194, Grade 2 
specifications appear to be suitable for use with ASTM A-325 bolts although 
some stripping of regular series nuts appears likely under long impact 
times. 
(b) ASTM A-194, Grade 2H, hot forged from 0.40% minimum carbon, hot rolled 
bar stock, wi th maximum phosphorous content of 0.05%, maximum sulphur of 
0005%, heat treated. 
Nut Type 0: Manufacturer 4, regular series. Bolt tensions at 
one turn were 20% to 27% above the EPL with an average of 23%. Maximum 
bolt tensions averaged 123% of EPL. Deformations were very small, and 
always averaged less than half those recorded for the same nut without heat 
treatment. The number of turns to failure was slightly below average. As 
would be expected, there was no evidence of extrusion. Tensile failures 
occurred in each case. 
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Nut Type J: Manufacturer 3, regular series. Bolt tensions at 
one turn were 113% to 127% of EPL with an average of ll8%. Max:i:mum bolt 
tensions averaged 120% of EPL. Deformations averaged less than half those 
observed for similar but not heat treated nuts. The number of turns to 
failure were a bit below average, one failure occurring after only 1-5/8 
turns. No evidence of extrusion was found, and tension failures in the' 
bolts occurred in every case. 
Nut Type K: Manufacturer 3, heavy series • Bolt tensions at 
one turn varied from 107% to 134% of the required proof load (EPL) and 
averaged 123%0 At maximum, the bolt tensions averaged l29% of EPL. De-
formations were negligible in most cases, but not always less than those 
found for similar heat treated regular nuts , although they were less than 
those observed for similar untreated nuts. About the average number of 
turns were required for failure. No extrusion was noticed, and tension 
failures developed. 
Summary: Regular and heavy series nuts of ASTM A-194, Grade 2H 
Specification appear to be satisfactory for use with high strength bolts, 
based on their performance in these tests. 
(c) Steel Grade C-ll09. Carbon content of 0.08 to 0.13%, manganese of 
0.60 to 0.90% maximum phosphorous 0.04%, maximum sulphur of 0.08 - 0.13%. 
Nut TYJ?e D: Manufacturer 2, regular series, cold punched. Bolt 
tensions were 106% to 120% of the EPL with an average of 115% after one 
turn. The maximum bolt tension averaged 123% of the EPL. Deformations 
were comparatively large. About the average number of turns of the nut were 
required and extrusion was evident in each test. Hand torquing produced a 
tension failure, while the other methods of tightening stripped the threads. 
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Nut Type B: Manufacturer 2, heavy series, cold ptmched. Bolt 
tensions at one turn varied from 130% to 136% of the EPL and averaged 132%. 
Maximmn bolt tensions also averaged 132% of the EPL. Deformations averaged 
about one third those observed for the similar regular series nut type D. 
The number of turns to failure was slightly above the overall average for 
all specimens. Extrusion was evident where no hand torq,.uing was used, and 
tension failures occurred in every case. 
Nut Type C: Manufacturer 2, heavy series, hot nut former. Bolt 
tensions at one turn were as low as 88% and as high as 104% of the Elastic 
Proof Load, and averaged 96% of the EPL. At maximum, one test was still 
below the req,.uired 90% of the EPL but the average was 98% of the EPL. De-
formations were the highest recorded and averaged three to eight times the 
average values for a similar cold ptmched nut, type B. Number of turns to 
failure was about average. Extrusion was noticed in all cases where an im-
pact wrench -was used. All test assemblies failed by thread stripping. 
The notes to Table 1 give an indication as to why low tensions 
were obtained in these tests. When proof load tests were performed, one 
nut of Type C reached the proof load but jammed on the bolt; When the load 
was reapplied, before the proof load was reached a second time, the threads 
stripped. T-ne other T~ C nut failed to reach the proof load before strip-
ping began. Thus, this nut type did not meet the requirements of' ASTM A-325. 
Smmnary: Only the cold ptmched heavy series nuts of C -1109 steel 
appear to be satisfactory for use with high strength bolts. The other nuts 
of similar steel which were tested did not appear to be adequate ror such 
service. 
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(d) Steel Grade 1016. Carbon content of 0.13 to 0.18%, manganese of 
0.60 to 0.90%, a maximum phosphorous of 0.040%, and a. maximum sulphur 
content of 0.05%. 
Nut Type E: Manufacturer 2, heavy series. Bol t tensions at 
one turn were 106% to 127% of the EPL and averaged ll6%, while the maximum 
bolt tension averaged 120% o~ the EPL. Dimension changes were relatively 
high but averaged less than those for a similar nut of C-ll09 steel (Nut 
Type C). Number of turns to failure was slightly above average. Extru-
sion was evident in all tests and failure was by. stripping of the threads 
in every case. Because of' the manner of failure, this nut type appears 
to be unsatisfactory for use with high strength bolts. 
(e) Cold Forged. 
Nut Typ~ G: Cold drawn, round wire stock of c-ll08 grade' steel, 
0.08 to 0.13% carbon, Oe50 to 0880% manganese, maximum phosphorous content 
of 0.04%, and maximum sulphur of 0.08 to 0.13%. Manufacturer 3, regular 
series. Bolt tensions at 'one turn were ll3% to 127% of the Elastic Proof 
Load. and averaged 123%. At maximum, the bolt tensions averaged 124% of 
the EPL. Deformations were moderately large, but less than' those for a 
cold-punched regular series nut of C-ll09 steel. One test had a tension 
failure which occurred at only 1-3/8 turns of the nut, other failures 
were by thread stripping after more than two turns. Extrus ion was evident 
in all tests. 
Nut Type N: Nut former, water quenched and tempered, low carbon 
steel. Manufacturer 4, regular series. Bolt tensions after one turn were 
20 
120% to 125% with an average of 121% of the EPL. The average maximum 
tension was l23% of the Froof load. Deformations were very much smaller 
than those observed for other cold forged low carbon regular series nuts, 
and were very similar to those observed for regular series ASTM A-194 
Grade 2H nuts, particularly the Type 0 nuts Which were of heat treated 
medium carbon steel. Number of turns to failure were slightly below 
normal. No evidence of extrusion was found. All failures were tensile 
breaks. 
Nut ~.fPe M: Nut former, low' carbon steel. Same nut as cu~-
rently used with high strength bolts except regular series, Manufacturer 
4. Bolt tensions at one turn varied from 121% to 234% and averaged 
126% of the EPL while the maximum bolt load averaged 129% of the proof 
.1oad. Dimension changes, which were several times those recorded for 
a similar but quenched and tempered nut (Type N), did not appear to be 
excessive 0 ~ne numbers of turns to fail~~ were a bit more than the 
average for all nuts. Extrusion was evident for all tests and all test 
assemblies failed in the bolt through tension. 
Summary: Regular series nuts manufactured by cold forging from 
higher carbon steels or when heat treated for higher strength seem to 
perform acceptably with high strength bolts. Low carbon, untreated, regu-
lar series nuts which are cold forged may have a tendency to strip their 
threads and thus prove to be undesirable for use with the ASTM A-325 bolts. 
( f) Machined from C old Drawn Hex Bar Stock 
Nut Type F: Steel Grade B-lll2. Carbon content a maximum of 
0.13%, manganese from 0.70 to 1.00%, phosFhorous from 0.07 to 0.12% and 
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sulphur from 0.16 to 0.2310 (giving better machinability). Manufacturer 
3, regular series. At one turn, the bolt tensions were 123% to 132% with 
an average of 129% of EPL. At maximum, the bolt tensions averaged 131% 
of the Elastic Proof Load specified. Deformations were not excessive and 
more than the average number of turns of the nut were necessary to cause 
failure. No evidence of extrusion appeared and all failures were bolt 
rupture s ra ther than nut thread. failures. 
Nut Type L: Steel Grade C-I035, carbon content ranges from 0.32 
to 0.38%, manganese from 0.60 to 0.90%, maximum phosphorous content of 
0.040%, and maximum. sulphur of 0.050%. Manufacturer 3, regular series. 
After one turn the bolt tensions were 123% to 134% of the required proof 
load vith an average of 128%. Maximum bolt tensions also averaged 128% 
of EPL. Deformations were about two-thirds as great as those recorded 
for the similarly manufactured but lower carbon nut ty:pe F. For failure, 
a greater than average number of turns was required. Evidence of ex-
trusion was noted after long impacting in the Group 3 test. All failures 
were by tension rupture in the bolts. 
Summary: Regular series nuts machined from cold drawn hexagonal 
bar stock of steel having a suitably high strength or hardness, appear to 
be satisfactory for use with high strength bolts. 
(g) Nut Type A. No description is available for this nut type. Manu-
facturer 1, regular series. Bolt tensions after one turn were 113% to 127% 
of the EPL with an average value of 121% of the EPL. The maximum bolt ten-
sions averaged 120% EPL. Defonnations appeared to be moderate and similar 
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in magnitude to those for the cold forged low carbon nuts (G and M) or 
the hot forged medium carbon nuts (H and p). The numbers of turns to 
failure were about average , although one nut locked on the bolt in a 
fashion similar to that found in Nut Type P. Extrusion -was evident in 
all cases. One failure was tensile, one failure was by stripping, and 
one nut did not produce a definite failure (see Note 1, Table 4). It 
is doubtful that this nut type is desirable for use with high strength 
bolts, based on these tests. 
9. Results of Special Joint Test. 
As a matter of interest, a special test which had not been 
originally planned for the study was conducted. A specimen comparable 
to tens ion specimen CB of another recent Pro"ject IV study*" was prepared 
using bolts and washers provided for those tests and the regular series 
nuts of Type L. The specimen consisted of two Tees bolted and loaded 
so as to apply a tens~load to the eight bolts. The specimen was 
assembled by applying one turn to all of the nuts with a manual torque 
wrench 0 This required 400-420 ft-lb of torque for each nut. The speci-
men was then placed in a 600,000 Ib universal testing machine and pulled 
in tension. The specimen reached an ultimate load of 233,600 Ib at which 
point the load fell off to 227,400 lb. Loading was continued and at 
228,6501b all of the bolts adjacent to the web of the specimen failed in 
tension simultaneously. This same specimen using heavy nuts* reached an 
ultimate load of 229,200 Ib and then failed by stripping of the threads of 
the two inner nuts at one end of the specimen. 
*Petersen, K.S., and Munse, W.E., "Static Tension Tests of'Rivets and High 
Strength Bolts in Structural Connections, tI SRS 124, University of' illinois, 
November 1956. 
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After failure of the tension specimen using regular series nuts 
of T~e L, all the nuts were loose on the ends of bolts that had failed 
by tension and could be removed by hand. Also, the nuts on the remaining 
four outside bolts in the specimen were removed by hand after being 
loosened o The average decrease in height of all the nuts was .003 in. and 
the average change in distance across the flats was .004 in. at the com-
pletion of the test. These deformations are similar to those noted earlier 
for hand torquing to one turn for nut type L. 
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IV. SUMMARY AND RECOMMENDATIONS 
10. Summary of Results and Conclusions. 
Based on the results of these limited tests, and with no con-
sideration of relative costs of the various nut types tested, the follow-
ing statements summarize the results and conclusions obtained from this 
investigation. 
1. Some of the regular series nuts appear to be satisfactory 
for use with high strength bolts, particularly those nuts having medium 
carbon content or which have been cold worked or heat treated to increase 
their strength. However, these tests were not of sufficient extent to 
permit a recommendation to be made for lower limits of ultimate strength, 
carbon content or hardness for such regUlar series nuts. Tentatively, it 
appears that regular nuts of hardness less than about 95 Rockwell B may 
be unsatisfactory for 3/4 in. bolts. 
2~ Just as all regular series nuts may not be acceptable, 
neither are all heavy series nuts necessarily satisfactory. Low strength 
cr II soft" heavy series nuts proved to be undesirable. This study appears 
to indicate that heavy series nuts of hardness less than about 75 Rockwell 
B may be unsatisfactory for 3/4 in. bolts. 
3. With one exception, all nuts, both regular and heavy, gave 
the minimum specified bolt tension after one turn of the nut. Moreover, 
the method or se~uence of tightening, for the several methods considered, 
did not appear to affect the bolt tension attained. 
4. All nut-bolt assemblies held their tensions for a two day 
period (during which no vibrations or pulsations of load were applied). 
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5e Heavy series nuts of any given manufacture and metallurgy 
generally re~uired slightly longer impacting times for one turn, gave 
slightly higher bolt tensions, and somewhat smaller deformations than 
similar regular series nuts (although it should be pointed out that the 
regular series nuts did give bolt tensions in excess of the minimum re-
~uired). 
6. The average number of tu-~s to failure was approximately 
two for both the regular and heavy series nuts. 
7. Up to one turn of the nut, dilation, brooming, extrusion, 
and time of impact appear to have little effect upon the performance of 
the nutsu 
ll~ Recommendations 
In view of t~e apparently promising results obtaL~ed for certain 
regular series nuts, when used with 3/4 in. diameter high strength bolts, 
additional study is tho~1tto be warranted. Possibly the first step in 
such a study should be a check of the relative costs for the various nuts 
used in this series of tests and a comparison of such costs \~th those 
for nuts now being used with high strength bolts. Nut types re~uiring 
special treatment but which might become competitive in price upon 
greater production and nut t~Tes already competitive might well be in-
cluded in a more extensive test program involving heavy and regular series 
nuts. 
Since stripped threads may not always be detected in field in-
stallations and since even a few stripped threads on a job lowers the 
confidence of the engineer in high strength bolts, it is felt that any 
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future study might possibly try to determine what min:iJnum strength, carbon 
content, hardness, size, and/or other factors are required to avoid thread 
stripping. A tensile failure of a bolt will rarely, if ever, go undetected, 
but stripped threads might. 
Among the other variables which should be considered are: (1) 
bolt hardness and the relative hardness of the nut and the bolt; only bolts 
of one lot were used in these tests, (2) washer type; only carburized 
washers were used in this study, (3) condition of threads or UfitU , (4) 
t:iJne of' impacting and method of torquing, (5) diameter of bolt, and (6) 
effect of tightening the head of the bolt on bolt tension, torque required, 
etc. 
After tests such as those outlined above have been completed, nut 
types ~th satisfactory performance and favorable costs might be tested 
further for their. behavior in connections under the application of fatigue 
or pulsating loads. 
TABLE 1 
DESCRIPTION OF NUTS AND RESULTS OF HARDNESS AND PROOF LOAD TESTS 
Avg. Avg. Threads Hand Ultimate Condition of 
Desig- Manufac- Nut Bolt Free After Load, Threads After 
nation turer Series Description Spec. Hard.. Hard .. 40,100 lb. Kips Failure Test 
~ RC 
A 1 Regular None Available A5 94 24 Yes 42.0 Tension Good, hand free 
A6 95 28 Yes 42.1 Tension Fair, 'ivrench free 
B 2 Heavy Cold punched, semi- B5 77 25 No 42.1 Tension Fair, wrench free 
finished, steel B6 73 26 Yes 42.5 Tension Good, hand free 
grade C-II09 
C 2 Heavy Hot nut former, C5 54 25 (Note 1) (Note II Nut Stripped 
semi -finished, c6 55 28 No (Note 2 Nut Stripped 
steel grade C-II09 
D 2 Regular Cold punched, semi- D5 80 26 No 42.6 Tension Fair, wrench free 
finished, steel D1 81 26 Yes 42.6 Tension Good, hand free 
grade C -1109 
E 2 Heavy Hot nut former, E5 70 25 Yes 42.7 Tension Fair, wrench free 
semi -finished, E6 63 25 Yes 43.3 Nut Stripped 
steel grade C-I016 
F 3 Regular New finished, washer F5 94 27 Yes 42.4 Tension Good, hand free 
faced, machined from F6 94 26 Yes 42.6 Tension Good, hand free 
cold drawn hex bar 
stock, B-1l12 
G 3 Regular New finished, 'iv-asher G5 94 24 Yes 42.5 Tension Fair, wrench free 
faced, cold forged G6 93 26 Yes 42.0 Tension Good, hand free 
from cold drawn round 
wire stock C-II08 
Note 1: Specimen C5 never reached proof load. Thread stripping began at an ultimate of 39.4 kips. 
2: Specimen c6 reached proof load and then load was released to check threads; on reloading, maximum load was 3909 
kips. !\) ~ 
TABLE 1 (Continued) 
Avg. Avg. Threads Hand Ultimate Condit.ion of 
Desig- Manufac~ Nut Bolt Free After Load, Threads After 
nation turer Series Description Spec. Hard; Hard, 40,100 Ib Kips Failure Test 
~ RC 
H 3 Regular New finished, washer H5 94 26 Yes 42.8 Tension Good, hand free 
faced, hot forged H6 92 26 Yes 42.3 Tension Good, hand free 
from 0.40 C min. hot 
rolled bar stock, 
nut not heat treated, 
ASTM Al94) Grade 2 
I 3 Heavy Same as for H above 15 90 29 Yes 42.4 Tension Good, hand free 
16 92 27 Yes 42.5 Tension Good, hand free 
J 3 Regular New finished, ,-rasher J5 103 28 Yes 43.0 Tension Good, hand free 
faced, hot forged J6 103 25 Yes 42.2 Tension Good, hand free 
from 0.40 C min. hot 
rolled bar stock, nut 
heat treated ASTM 
Al94, Grade 2H. 
K 3 Heavy Same as for J above K5 103 27 No 42.3 Tension Fair, wrench free 
K6 100 24 Yes 42.1 Tension Good, hand free 
L 3 Regular New finished, washer L5 97 28 Yes 42.3 Tension Good, hand free 
faced, machined from 
cold drawn hex bar 
stock C -1035 
M 4 Regular Cold forged nut M5 94 25 Yes 42.3 Tension Good, hand free 
former, low carbon M6 95 25 Yes 41.6 Tension Good, hand free 
steel (same as cur-
rently used except 
dimensions) 
N 4 Regular Cold forged, nut N5 99 24 Yes 43.1 Tension Good, hand free 
former, ~ter N6 99 24 Yes 42.2 Tension Good, hand free 
~uenched and tern- (\) 
peredJ low carbon steel co 
TABLE: 1 (Continued) 
Avg. Avg. 
Desig- Manufac- Nut :Bolt 
nation turer Series Description Spec. Hard. Hard. 
l13 RC 
0 4 Regular Hot forged, medium 05 110 27 
car"bon steel, heat 06 110 23 
treated, ASTM Al94-
55T, Grade 2H 
p 4 Regul.ar Hot forged" medium P5 94 27 
carbon steel, ASTM p6 94 28 
Al9L~-55T, Grade 2 
Avg. 26 
Threads Hand Ultimate 
Free After Loadt 
40,100 lb Kips 
Yes 42.3 
Yes 42.4 
Yes 42.2 
Yes 43.0 
Failure 
Tension 
Tension 
Tension 
Tension 
Condition of 
Threads After 
Test 
Good, hand free 
Fair, wrench free 
Fair, wrench free 
Fair, wrench free 
f\) 
\0 
TABLE :2 
GROUP 1 TEST JRESULTS 
(Spec:imens Hand Torqued to Failure) 
Change * Ch811ge* 
Assem ... Nut Bolt Across Max. Bolt Max. Across Height Extru- Turns to Type of 
bly No. Series Tensiont Flats, Torque, * Tension, Torque'l Flats, Decrease, sion Failure Failure 
lb. in. ft. lb. lb. ft. lb. in. in. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
A-I Regular 32,000 .004 500 32.,000 500 .007 .006 Yes 1 7/8 Tension 
B-1 Heavy 37,000 .003 400 37,000 400 .008 .005 No 2 1/4 Tension 
C-l Heavy 29,000 .031 300 29,000 380 .052 .024 No 2 1/4 Stripped 
D-l Regular 30,000 .008 450 351,000 450 .023 .019 Yes 2 Tension 
E-l Heavy 30,000 .017 460 35',000 460 .044 .016 Yes 2 3/4 Stripped 
F-l Regular 35,0100 .008 400 36,000 420 .017 .008 No 2 1/2 Tension 
G-l Regular 32,0100 .005 480 3~~, 000 480 .005 .009 Yes 1 3/8 Tension 
H-l Regular 36,000 .008 440 36,000 440 .016 .014 No 2 3/8 Tension 
I-I Heavy 32,000 .002 500 3~~, 000 500 .004 .007 No 2 1/4 Tension 
J-l Regular 32,000 .006 420 32 ,000 450 .006 .000 No 1 3/4 Tension 
K-l Heavy 35,000 .000 500 35,000 500 .000 .001 No 2 Tension 
L-l Regular 35,000 .003 400 37,000 410 .009 .004 No 2 1/2 Tension 
M-l Regular 35,000 .004 425 37',000 425 .010 .001 Yes 2 3/4 Tension 
N-l Regular 34,000 .002 500 34.,000 500 .003 .002 No 1 3/4 Tension 
0-1 Regular 34,000 .002 480 3!~·, 000 480 .003 .003 No 1 7/8 Tension 
P-l Regular 30,000 .000 500 331,000 500 .004 .008 No 1 3/4 Tension 
Avg. Regular 33,200 .0045 450 31~., 400 460 .009 .008 2 
Avg. Heavy 32,600 .011 432 3:~1 600 448 .022 .011 2 1/4 .1 , 
'Vl 
0 
*Measurement made after torquing to one turn of the nut; all other readings were made at failure. 
TABLE 3 
GROUP 2 TEST RESULTS 
(Specimens Impacted to One Turn in About 10 Seconds) 
Change* Total Change 
Assem- Nut Bolt Across Impact Max. Bolt Dnpact Across Height Extru~ Turns to Type of 
bly No. Series Tensionf Flats, Timet Tension, Time, Flats, Decrease, sian Failure Failure 
lb. in. seconds Ibs. seconds in. in. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
A-2 Regular 36,000 .009 9.2 36,000 56.0 .027 .019 Yes 2 1/4 Stripped 
B-2 Heavy ~)8, 500 .004 11.4 38,500 49.4 .014 .010 Yes 2 1/2 Tension 
C ... 2 Heavy ~~9, 500 .036 6.0 29,500 21.8 .062 .025 Yes 2 Stripped 
D-2 Regular 33,500 .013 8.8 34,000 43.6 0044 .028 Yes 2 1/4 Stripped 
E-2 Heavy :<)6 000 .019 8.0 37 j OOO 46.4 .044 .019 Yes 2 1/4 Stripped .... , 
F-2 Regular ~)6, 500 .008 8.0 38,000 40.8 .021 .014 No 2 1/2 Tension 
G-2 Regular ;>6,000 .007 8.0 37,000 3502 .040 .025 Yes 2 1/4 Stripped 
H~2 Regular 33,000 .010 10.8 33,000 78.6 .020 .011 No 2 1/4 Tension 
1-2 Heavy ~)8, 500 .001 12.0 38,500 54.4 .005 .004 No 2 3/8 Tension 
J ... 2 Regular 34,000 .001 8.7 34,000 39.3 .005 .001 No 1 7/8 Tension 
K-2 Heavy 38,000 .000' 10.8 38,500 45.4 .000 .003 No 1 7/8 Tension 
L~2 Regular ~)5, 000 .007 10.1 35,000 41.9 .013 .004 No 2 1/4 Tension 
M-2 Regular ;>4,500 .005 9.0 34,500 65.6 .022 .013 Yes 2 1/8 Tension 
N-2 Regular 34,000 .000 10.6 35,000 63.1 .001 .003 No 1 7/8 Tension 
0-2 Regular ;>6,000 .003 10.0 3"6,000 35.2 .003 .001 No 1 7/8 Tension 
P-2 Regular 34,000 .009 9·2 34,000 97.0 .029 .008 Yes 1 7/8 Tension 
Avg. Regular ~)4, 750 .0065 9.3 35,100 54.2 .020 .0115 2 1/8 
Avg. Heavy 36,100 .012 9.6 36,400 43.5 .025 0012 2 1/4 
*Measurement made after impacting to one turn of the nut j all other readings 'VTere made at failure. \..}J ~.J 
TABLE 4 
GROUP 3 TEST RESULTS 
(Specimens Impacted to One Turn in About 10 Seconds) 
Change* Total Change No. of 
Assem- Nut Bolt Across Impact Max. Bolt Impact Across Height Extru- Turns to TY]?e of 
bly Noo Series Tension:- Flats, Timet Tension, Time, Flats, Decrease, sion Failure Failure 
lb. in. seconds 1bs. seconds in. in. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
A-3 Regular 34,000 .006 2406 34,000 461.3 .020 .007 Yes 1 7/8 (1) 
B-3 Heavy 37,000 .006 29.8 37,000 171.4 .013 .008 Yes 2 Tension 
C-3 Heavy 25,000 .038 10.6 25,000 22.6 .055 .024 Yes 1 3/4 Stripped 
D~3 Regular 34,000 .018 21.0 35,500 94.4 .033 .028 Yes 2 Stripped 
E~3 Heavy 30,000 .044 20.4 30,000 59·2 .062 .023 Yes 1 3/4 Stripped 
F-3 Regular 37,000 .011 19.0 38,000 142.0 .020 .011 No 2 1/4 Tension 
G~3 Regular 35,500 .010 17.0 36,500 89.4 .031 ~021 Yes 2 1/4 Stripped 
H-3 Regular 33,500 .012 24.4 34,000 159.6 .032 .013 No 2 1/4 Stripped 
I~3 Heavy 36,000 .003 20.0 37,000 95.0 .009 .011 No 2 1/2 Tension 
J-3 Regular 36,000 .010 17.0 36,000 127.0 .003 .001 No 1 5/8 Tension 
K-3 Heavy 36,500 .000 16.0 36,500 86.5 .003 .005 No 2 1/4 Tension 
L .. 3 Regular 37,000 .013 17.0 37,000 82.0 .019 .005 Yes 2 1/8 Tension 
M~3 Regular 38,000 .006 1908 38,000 66.4 .Oll 0004 Yes 2 3/8 Tension 
NtA3 Regular 35,500 .003 23·2 35,500 136.6 .003 .004 No 2 1/8 Tension 
0-3 Regular 35,000 .000 30.0 35,000 86.1 .000 .000 No 1 7/8 Tension 
P~3 Regular 33,000 .006 30.0 33,000 386.9 eOO7 .005 No 1 1/4 (2) 
Avg. Regular 35,300 .0086 22.1 35,700 166.5 .016 .009 2 
Avg. Heavy 32,900 .018 19.4 33,100 86.9 .028 .014 2 
*Measurements made after impacting to one turn'of the nut; all other readings were made at feJ.lure. 
Note (1) After the nut reached 1 7/8 turns (in approx. 100 seconds), it refused to turn any further although impacting 
was continued to 461.3 seconds .. At this point impacting ,,,as stopped and tbe nut run off part way where it 
froze on the bolt .. The assembly was then removed. by manually torquing the assembly until the bolt failed in 
torsiono Evidently, the low air pressure used to provide one turn in 25 seconds was not sufficient to provide 
a failure by either tension or stripping. 
Note (2) Same CO)ldition as A~3 except that the 1 1/4 turns of the nut was reached in approximately 60 seconds. 
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TABLE 5 
GROUP 4 TEST RESULTS 
(Specimens Hand Torqued 0~e-Ha1f Turn, Released, then Impacted to One Turn in About 15 Seconds) 
Change* Change** 
Assembly Nut Bolt Across Impact** Bolt Across Height Extru-
No. Series Torque, * Tension, * Flats, Time, Tension,** Flats, Decrease, sion-**"* 
ft. lb. lb. in. seconds lb. in. in. 
(l) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
A-4· Regular 170 15,000 .000 15.0 35,000 .007 .005 Yes 
B-4· Heavy 280 23,500 .000 18.1 37,000 .007 .007 No 
c-4- Heavy 220 19,000 .001 12.0 26,000 .057 .025 Yes 
D~4· Regular 140 15,500 .000 11.0 33,000 .025 .010 Yes 
E-4· Heavy 240 18,000 .000 15.0 36,000 .011 .016 Yes 
F-4· Regular 200 16,500 .000 14.3 37,500 .011 .009 No 
G-4· Regular 280 25,000 .000 14.2 36,000 .016 .016 Yes 
H-4· Regular 290 26,000 .000 16.2 37,000 .015 .009 No 
I-4- Heavy 300 18,500 .000 20.0 38,000 .007 .002 No 
J-4· Regular 280 23,500 .000 17.5 32,000 .001 .002 No 
K-4- Heavy 300 23,000 .000 18.9 30,500 .000 .003 No 
L-4- Regular 280 25,000 .000 16.8 38,000 .005 .003 No 
M-4- Regular 260 25,000 .000 15.2 36,000 .008 .012 Yes 
N-4· Regular 260 19,000 .000· 19.0 34,000 .002 .001 No 
0-4· Regular 24-0 21,000 .000 16.2 34,500 .001 .001 No 
p-4· Regular 280 22,000 .000 20.0 30,000 .005 .005 No 
Avg. Regular 244 21,200 ,,000 15.9 34,800 .009 .0066 
Avg. Heavy 268 20,400 .0002 16.8 33,500 .016 .0106 
* Measurements made after torquing to 1/2 turn .. \.>! 
**Measurements made after impacting to one turn. \.>! 
***Assemblies were not carried to failure. 
Specimen 
Description 
Series 
Nut Designation 
Group 1 
Group 2 
Group 3 
Group 4 
Average 
Specimen 
Description 
Series 
Nut Designation 
Group I 
Group 2 
Group 3 
Group 4 
Average 
TABLE 6 
SUMMARY OF BOLT ~SIONS AT ONE TURN 
(in Kips) 
ASTM A-194, Grade 2 
I 
ASTM A-194, Grade 2H 
Hot forged from 0.4OC Hot forged from 0.4oc 
minimum, hot rolled minimum, hot rolled 
bar stock bar stock; heat treated 
Regular Regular I Heavy Regular Regular Heavy 
P H I 0 J K 
30.·0 36.0 32.0 34.0 32.0 35.0 
34.0 33.0 38.5 36.0 34.0 38.0 
33.0 33.5 36.0 35.0 36.0 36.5 
30.0 37.0 38.0 34.5 32.0 30.5 
-- -- -- --
31.8 34.9 36.1 34.9 33.5 35.0 
II (No Cold forged Cold forged Cold forged, Machined from Description Low carbon; nut former, cold drawn cold drawn hex 
Available) ASA B18-2 low carbon, round stock bar stock 
(Similar to water quench 
heavy nut and temper 
now used) C-1108 
~: 
B-1112 C-1035 
II Regular Regular Regular Regular Regular Regular 
A M N G F L 
32.0 35.0 34.0 32.0 35.0 35.0 
36.0 34.5 34.0 36.0 36.5 35.0 
34.0 38.0 35.5 35.5 37.0 . 37.0 
35.0 36.0 34.0 36.0 37.5 38.0 
-- -- -- -- --
--
34.3 35.9 34.4 34~9 36.5 36.3 
II Hot nut former, 
II Steel grades 
C-I016 C-1109 
Heavy Heavy 
E C 
30.0 29.0 
36.0 29.5 
30.0 25.0 
36.0 26.0 
-- --
33.0 27.4 
\I Cold punched, 
II Steel grade 
C-1109 
Regular Heavy 
D B 
30.0 37.0 
33.5 38.5 
34.0 37.0 
33.0 37.0 
-- --
32.6 37.4 \JJ +" 
Specimen 
Description 
Series 
Nut Designation 
Group I 
Group 2 
Group 3 
Average 
Specimen 
Description 
Series 
Nut Designation 
Group I 
Group 2 
Group :3 
Average 
TABLE 7 
SUMMiillY OF MAXIMUM BOLT TENSIONS 
(in Kips) 
ASTM A-194, Grade 2 
Hot forged from 0.4oc 
minimum, hot rolled 
bar stock 
ASTM A-194, Grade 2H 
Hot forged from 0.4oc 
minimum, hot rolled 
bar stock; heat treated 
II II II 
Regular Regular Heavy Regular Regular Heavy 
p H :r o J K 
II . II II 
33.0 
34.0 
33.0 
3~5. 3 
(No 
Description 
Available) 
36.0 
33.0 
34.0 
34.3 
Cold forged 
Lo\o[ carbon; 
ASA BIB-2 
(Similar to 
32.0 
38.5 
37.0 
35.8 
34.0 
36.0 
35.0 
3500 
Cold forged, 
cold drawn 
round stock, 
c-lioB 
32.0 
3'+.0 
36.0 
34.0 
35.0 
3B.5 
36.5 
36.7 
Machined from 
cold drawn hex 
bar stock 
B-1112 C-I0:35 heavy nut 
II II now us~d) .. II 
Cold forged 
nut former, 
low carbon 
water quench 
and temper 
Regular Regular Regular Regular ReguJ_ar Regular 
II II .. II 
A 1'1 N G F L 
II II II II 
32 .. 0 
36.0 
314-.0 
3:4-.0 
37.0 
34.5 
3B.0 
36.5 
34.0 
35.0 
35.5 
3L~.B 
32.0 
37 .. 0 
36.5 
35 .. 2 
36.0 
38.0 
. 3B.o 
37.3 
37.0 
35.0 
37.0 
36.3 
Hot nut former 
Steel grades 
C-I016 C-II09 
Heavy 
E 
35.0 
37.0 
30.0 
34 .. 0 
Heavy 
C 
29.0 
29.5 
25.0 
27.8 
Cold punched, 
Steel grade 
C-II09 
Regular 
D 
35.0 
34.0 
35.5 
34.B 
Heavy 
B 
37.0 
38.5 
37.0 
37.5 
\.N 
VI 
Specimen 
Description 
Series 
Nut Designation 
Group 1 
Group 2 
Group 3 
Group 4 
Average 
Specimen 
Description 
Series 
Nut Designation 
Group 1 
Group 2 
Group 3 
Group 4 
Average 
·TABLE 13 
SUMMARY OF CHANGES IN THE DISTANCE ACROSS THE FLATS 
OF THE NUTS AT ONE TURN 
(in Inches) 
• Ii A 
I ASTM A-194, Grade 2 ASTM A-194, Grade 2H II Hot forged from 0.4OC Hot forged from 0.4oc 
minimum, hot rolled minimum, hot rolled 
bar stock bar stock; heat treated II 
Regular Regular Heavy ~ Regular Regular Heavy ~ 
P H I II 0 J K II 
.000 .008 .002 .002 .006 .000 
.009 .010 .001 .003 .001 .000 
.006 .012 .003 .000 .010 .000 
.005 .015 .007 .001 .001 .000 
.005 .011 .0013 .002 .005 .000 
I (No iCOld forged Cold forged Cold forged, Machined from II 
Description Low carbon; nut fonner, cold drawn cold drawn hex 
Available) ABA B18-2 low ca.rbon round stock bar stock II 
(Similar to water quench 
heavy nut and temper 
now used) c-lioB B-1112 C-I035 
-
Regular Regular Regular Regular Regular Regular 
-
A M N G F L 
.' 
.004 .004 .002 .005 .008 .003 
,009 .005 .000 .00'7 .008 .007 
.006 .006 .003 .010 .011 .013 
.007 .008 .002 .016 .011 .005 
-- -- --
II .007 .006 .002 .010 .010 .007 
Hot nut former 
Steel grades 
C-1016 
I 
C-II09 
Heavy Heavy 
E C 
.017 .031 
.019 .036 
.044 .038 
.011 .057 
.023 .041 
Cold punched, 
Steel grade 
C-II09 
Regular Heavy 
D B 
.008 .003 
.013 .004 
.018 .006 
.025 .007 
.016 .005 
\.N 
0\ 
Specimen 
Description 
Series 
Nut Designation 
TABLE 9 
SUMMARY OF CHANGES IN THE DISTANCE ACROSS THE FLATS 
OF THE NUTS AT FAILURE 
ASTM A-194, Grade 2 
Hot forged from o.4OC 
minimum, hot rolled 
bar stock 
ASTM A-194, Grade 2H 
Hot forged from Oo4oc 
minimum, hot rolled 
bar stock; heat treated. 
Regular Regular Heavy Regular Regular Heavy 
p H I o J K 
= II :: :":: I = I = =1f:= 
Group 1 
Group 2 
Group 3 
Average 
Specimen 
Description 
Series 
Nut Designation 
Group 1 
Group 2 
Group 3 
Average 
.004 
0029 
~007 
.013 
(No 
Description 
Available 
Regular 
A 
.007 
0027 
.020 
.018 
0016 
.020 
0032 
.023 
Cold forged 
Low carbon; 
ABA B18~2 
(Similar to 
heavy nut 
now used) 
Regular 
M 
0010 
.022 
.011 
.014 
.004 
.005 
.009 
.006 
Cold forged 
nut former, 
low carbon 
water quench 
and temper 
Regular 
N 
.003 
.001 
.003 
.002 
.003 
.003 
.000 
0002 
C old forged, 
cold dravrn. 
rO'und stock 
C-IIOS 
Regular 
G 
.005 
.040 
.031 
.025 
.006 
.005 
.003 
0005 
.000 
.000 
.003 
.001 
Machined from 
cold drawn hex 
bar stock 
B-1l12 
Regular 
F 
.017 
.021 
.020 
.019 
C-1035 
Regular 
L 
.009 
.013 
.019 
.014 
Hot nut former 
Steel grades 
C-lOI6 C-II09 
Heavy Heavy 
E C 
II --'.-
.04~, 
.044 
.062 
.050 
.052 
.062 
.055 
.056 
Cold punched, 
Steel grade 
C -1109 
Regular 
D 
.023 
.044 
.033 
.033 
Heavy 
B 
.008 
.014 
.013 
.012 VJ 
-..:) 
Specimen 
Description 
Series 
Nut Design.ation 
Group 1 
Group 2 
Group 3 
Group 4 
Average 1 
2 and 3 
Specimen 
Description 
Series 
Nut Designation 
Group 1 
Group 2 
Group 3 
Group 4 
Average 1 
2 and 3 
TABLE 10 
s~cr OF HEIGHT CHANGES* OF THE NUTS 
(in Inches) 
ASTM A-194, Grade 2, 
Hot forged from 0.4oc 
minimum, hot rolled 
bar stock 
Regular 
p 
.008 
.008 
.005 
.005 
.007 
(No 
Description 
Available 
Regular 
A 
.006 
.019 
.007 
.005 
.011 
Regular 
H 
.014 
.011 
.013 
.009 
.013 
Cold forged 
Low carbon; 
ABA B18-2 
(Similar to 
heavy nut 
now used) 
Regular 
M 
.011 
.013 
.004 
.012 
.009 
Heavy 
I 
.007 
.004 
.011 
.002 
.007 
Cold forged 
nut fonner, 
low c:arbon, 
water quench 
and temper 
Reg,ular 
N 
.002 
.003 
.004 
.001 
.003 
ASTM A-194, Grade 2H 
Hot forged from 0.4oc 
minimum, hot rolled 
bar stock; heat treated 
Regular 
o 
.003 
.001 
.000 
.001 
.001 
Cold forged, 
cold drawn 
round stock 
C-ll08 
Regular 
G 
.009 
.025 
.021 
.016 
.018 
Regular 
J 
.000 
.001 
.001 
.002 
.001 
Heavy 
K 
.001 
.003 
.005 
.003 
.003 
Machined from 
cold drawn hex 
bar stoc~ 
B-1112 
Regular 
F 
.008 
.014 
.011 
.004 
.011 
C-l035 
Regular 
L 
.004 
.004 
.005 
.003 
.004 
Hot nut former 
Steel grades 
C-I016 C-ll09 
Heavy 
E 
.016 
.019 
.023 
.016 
.019 
Heavy 
c 
.024 
.025 
.024 
.025 
.024 
Cold punched, 
Steel grade 
C-ll09 
Regular 
D 
.019 
.028 
.028 
.010 
.025 
Heavy 
B 
.005 
.010 
.008 
.007 
.008 
*Rows for Groups 1, 2, and 3 are height changes after failure, while values for Group 4 are height changes after 1 turn. 
\..)J 
0:. 
TABLE 11 
SUMMARY OF NUMBER OF TURNS TO FAILURE 
Specimen 
II 
ASTM A-194, Grade 2, 
Description Hot forged from O.4OC 
minimum, hot rolled 
bar stock 
Series Regular Regular Heavy 
Nut Designation P H I 
Group 1 1--3/4 2-3/8 2-1/4 
Group 2 1--7/8 2-1/4 2-5/8 
Group 3 1~-l/4** 2-1/4 2-1/2 
Specimen II (No i Cold forged Cold forged 
Description Description Low carbon; nut former, 
Available) ABA B18-2 low ca.rbon, 
Series II Regular 
Nut Designation II A 
Group 1 1,·7/8 
Group 2 2 .. 1/4 
Group 3 1--7/8* 
* See note (1) Table l~ 
**See note ( 2) Table !~ 
(Similar to water quench 
heavy nut and temper 
now used) 
Regular Regular 
M N 
2-3/4 1-,3/4 
2-1/8 
2-3/8 
1-'7/8 
2-:1/8 
ASTM A-194, Grade 2H II 
Hot forged from O.4OC 
minimum, hot rolled 
bar stock; heat treated II 
Regular Regular Heavy 
II 0 J K 
" 
1-7/8 1-3/4 2 
1-7/8 1-7/8 1-7/8 
1-7/8 1-5/8 2-1/4 
Cold forged, Machined from II 
cold drawn cold drawn hex 
round stock bar stock II 
C-=-1108 B-1112 C-1035 II 
Regular Regular Re~ar II 
G F 
1-3/8 2-1/2 2-1/2 
2-1/4 
2-1/4 
2-1/2 
2-1/4 
2-1/4 
2-1/8 
Hot nut fonner, 
Steel grades 
C-101 C-1109 
Heavy Heavy 
E C 
2-3/4 2-1/4 
2-1/4 2 
1-3/4 1-3/4 
Cold punched, 
Steel grade 
C-II09 
Regular 
D 
2 
2-1/4 
2 
Heavy 
B 
2-1/4 
2-1/2 
2 
\.)J 
\0 
TABLE 12 
EVIDENCE OF EXTRUSION FOR THE VARIOUS NUT TYPES 
Specimen 
Descript.ion 
Ii 
Series II 
Nut Designation 
-
Group 1 
Group 2 
Group 3 
Group 4* 
ASTM A~194, Grade 2 
Hot. forged from Oo4oc 
minimum, hot rolled 
bar stock 
Regular Regular Hea, ry 
J? H 
No No 
Yes No 
No No 
No No 
No 
No 
No 
No 
] 
.• 
.. 
.. 
Specimen II (No ~ Cold forged 
Description Description J-IOW carbon; 
Available) ABA Bl8-2 
Cold f 
nut fo 
low ca 
water 
and te 
::>rged 
rmer, 
rbon, 
Series II Regular H 
Nut Designation A 
Group 1 Yes 
Group 2 yes 
Group 3 Yes 
Group 4* Yes 
(Similar to 
heavy nut 
now used) 
Regular 
M 
Yes 
Yes 
Yes 
Yes 
tluench 
nper 
.. 
Regu lar 
N 
-. 
No 
No 
No 
No 
ASTM A-l94, Grade 2H 
Hot forged from o.4oc 
minimum, hot rolled 
bar stock; heat treated 
,Regular Regular Heavy 
0 J K 
No No No 
No No No 
No No No 
No No No 
Cold forged, Machined from 
cold drawn cold dravm hex 
round stock bar stock 
C-l108 B-ll12 C-1035 
Regular Regular Regular 
G F L 
Yes No No 
Yes No No 
Yes No Yes 
Yes No No 
* Observation made after impacting to one turn; all other observations were made after failure. 
- -
Hot nut former, 
Steel grades 
C-lOl6 C-l109 
Heavy Heavy 
E C 
Yes No 
Yes Yes 
Yes Yes 
Yes Yes 
Cold punched, 
Steel grade 
C-l109 
Regular Heavy 
D B 
Yes No 
Yes Yes 
Yes Yes 
Yes No 
~-
-t::" 
o 
TABLE 13 
MANNER OF FAILURE FOR BOLT~NUT ASSEMBLIES 
Specimen 
Description 
Series 
Nut Designation 
Group I 
Group 2 
Group 3 
Specimen 
Description 
ASTM A-194, Grade 2 
Hot forged from o.4oc 
minimum, hot rolled 
bar stock 
Regular Regular Heavy 
P H I 
Tension Tension Tension 
Tension Tension Tension 
* Stripped Tension 
II (No Cold forged Cold forged Description Low carbon; nut former, 
Available) ABA B18.,.2 low earbon, 
n 
(Similar to water q,uench . 
Series Regular 
Nut Designation A 
Group 1 Tension 
Group 2 Stripped 
Group 3 ** 
* See Note (2) Table 4 
**See Note (1) Table 4 
heavy nut and temper 
now used) 
Regular Regular 
M N 
Tension Tension 
Tension Tension 
Tension Tension 
ASTM Aa 194, Grade 2H 
Hot forged from o.4oc 
minimum, hot rolled 
bar stock; heat treated 
Regular Regular Heavy 
0 J K 
Tension Tension Tension 
Tension Tension Tension 
Tension Tension Tension 
.-
-----
Cold forged, Machined from 
cold drawn cold drawn hex 
round stock bar stock 
C"'l108 B~1112 C~I035 
Regular Regular Regular 
G F L 
Tension. Tension Tension 
Stripped Tension Tension 
Stripped Tension Tension 
Hot nut former, 
Steel grades 
C~lOI6 C~lI09 
Heavy Heavy 
E C 
Stripped Stripped 
Stripped Stripped 
Stripped Stripped 
Cold punched, 
Steel grade 
C-I109 
Regular I Heavy 
D B 
Tension Tension 
Stripped Tension 
Stripped Tension 
~ 
A-I 
32 
I-I 
32 
8-1 C-I* 
37 29 
J-I K-I 
32 35 
S ~.--!" . 
.. ~- .,.-' 
0-1 E-I * 
ULTIMATE (kips) 
35 35 
L-I M-I 
ULTIMATE (kips) 
37 37 
F-I G-I 
36 32 
N-I 0-1 
34 34 
FIG. I GROUP I TEST ASSEMBLIES AFTER HAND TORQUING 
H-I 
36 
P-I 
30 
* STRIPPED 
A-I 8-1 c-pt 0-1 
ULTIMATE (kiPs) 
32 37 29 35 
E-I~ F-I G-I H-I 
ULTIMATE (kips) 
35 36 32 36 
* STRIPPED 
FIG.2 GROUP I NUTS A-H AFTER HAND TORQUING 
I-I J-I K-I L-I 
ULTIMATE (kips) 
32 32 35 37 
M-I N-I 0-1 P-I 
ULT IMATE (k ips) 
37 34 34 30 
FIG.3 GROUP I NUTS I- P AFTER HAND TORQUING 
.~ :;;-e 
-;~ 
A-t"-
36 
1-2 
38.5 
B-2 
38.5 
J-2 
34 
FIG.4 
C-2 it 
29.5 
K-2 
38.5 
:t i 
== ~.,!
0-2* E-2* 
ULTIMATE (kips) 
34 37 
L-2 M-2 
ULTIMATE (kips) 
35 34.5 
GROUP 2 TEST ASSEMBLIES 
F-2 
38 
N-2 
35 
AFTER 
(ONE TURN IN 10 SECONDS) 
G-2it- H-2 
37 33 
0-2 P-2 
36 34 
*" STRIPPED 
IMPACTING 
A-2* B-2 C-2* 0-2 
ULT IMATE (k ips) 
36 38.5 29.5 34 
E-2* F-2 G-2* H-2 
ULTIMATE (kips) 
37 38 37 33 
* STRIPPED 
FIG.5 GROUP 2 NUTS A- H AFTER FAILURE 
1-2 J-2 K-2 L-2 
ULTIMATE (k ips) 
38.5 34 38.5 35 
M-2 N-2 0-2 P-2 
ULTIMATE (kips) 
34.5 35 36 34 
FIG.6 GROUP 2 NUTS I-P AFTER FAILURE 
A-3~* 
34 
1-3 
37 
8-3 C-3* 
37.5 25 
~. 
t: ::j ~ 
,\ I,. 
0-3* E-3* 
ULTIMATE (k ips) 
35.5 29 
F-3 G-3* 
38 36.5 
* STRIPPED ** SEE NOTE I TABLE 4 * * * SEE NOTE 2 TABLE 4 
J-3 
36 
FIG.7 
K-3 
36 
L-3 M-3 
ULTIMATE (kips) 
37 38 
N-3 0-3 
36 35 
GROUP 3 TEST ASSEMBLIES AFTER fMPACTING 
(ONE TURN IN 25 SECONDS) 
~.:: 
H-3iC" 
34 
P-3 **~. 
33 
A-:3~Ht 
34 
E-~~1t 
29 
B-3 C-3* 
ULTIMATE (kips) 
37.5 25 
* STRIPPED '* it SEE NOTE I TABLE 4 
F--3 G-31t 
ULTIMATE (kips) 
38 36.5 
FIG. 8 GROUP 3 NUTS A--H AFTER FAILURE 
D-3* 
35.5 
H-3~ 
34 
1-3 J-3 K-3 L-3 
ULTIMATE (kips) 
37 36 36 37 
M-3 N-3 0-3 P-3** * 
/\TF;: 
38 36 35 33 
*** SEE NOTE 2 TABLE 4 
FIG.9 GROUP 3 NUTS I-P AFTER FAILURE 
It 
A-4 
15 
35 
I-4· 
18.5 
28 
8-4 
23.5 
37 
J-4 
23.5 
32 
C-4 
19 
26 
K-4W-
23 
30.5 
0-4 E-4 
1/2 T (kips) 
15.5 18 
I T (kips) 
33 36 
L-4 M-4 
1/2 T (kips) 
25 25 
I T (kips) 
38 36 
N-4 
19 
34 
F-4 
16.5 
37.5 
0-4 
21 
34.5 
G-4 
25 
36 
P-4 
22 
30 
H-4 
26 
37 
it- NUT LOCKED ON WHILE BEING BACKED OFF. 
FIG. 10 GROUP 4 TEST ASSEMBLIES AFTER TESTING 
(HAND TORQUED 1/2 TURN; LOOSENED; IMPACTED TO ONE TURN IN 15 SECONDS) 
t~-4 
15 
:35 
E-4 
18 
36 
8-4 
2~1.5 
3'7 
F·· 4 
16.5 
3"j~5 
1/2 T (kips) 
I T (kips) 
1/2 T (kips) 
1 T (kips) 
C-4 
19 
26 
G-4 
25 
36 
FIG. II GROUP 4 NUTS A - H AFTER TESTING 
0-4 
15.5 
33 
H-4 
26 
37 
1-4* J-4 K-41t" 
1/2 T (k ips) 
18.5 23.5 23 
28 32 
I T (kips) 
30.5 
* NUTS LOCKED ON WHILE BEING BACKED OFF. 
M-4 
25 
36 
FIG. 12 
N-4 
19 
34 
1/2 T (k ips) 
IT (kips) 
0-4 
21 
34.5 
GROUP 4 NUTS I-P AFTER TESTING 
L"4 
25 
38 
P-4 
22 
30 

